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ABSTRACT 
The objective of this research was to test the hypothesis that there 
is a positive association between the use of asbestos-cement piping for 
drinking water supplies and the incidence of gastrointestinal and kidney 
cancer. Fourteen Utah communities v.Jere identified that had used pre-
dominately asbestos-cement piping in the drinking water supplies for 
twenty years or more. These were compared with 27 Utah communities that 
had never used asbestos-cement piping. 
Using cancer incidence data from the Utah Cancer Registry, cancer 
incidence was tabulated for 11 cancer sites for the years 1967 to 1976. 
These sites included the stomach, small intestine, colon, rectum, peri-
toneum, gall bladder, pancreas, kidney, leukemia, lymphoma and melan-
oma (the latter three Jeing control sites). 
Observed and expected ratios were calculated from incide~ce data and 
probability values were generated using the Mantel-Haenszel Chi Square 
Statistical Procedure. Observed cancer incidence of several cancer sites 
in study communities were substantially increased over expected values. 
These included cancer of the kidney in males (31 cases observed, 16 ex-
pected) with an SIR of 192 (P = 0.0085). Cancer of the kidney in both sexes 
combined (42 observed, 25 expected) with an SIR of 163 (P=O.0188); leukemia 
in both sexes combined (83 observed, 58 expected) with an SIR of 163 
(P:::O.0136). 
Cancer of the gall )l~dder in females also showed an increased ob-
serv~d incidence in study cor:l!'1unities (13 cases 0bseY"ved, 6 cases expec-
ted). The SIR in this instance was 215 with the P-value close to being 
statistically significant (P=O.0532). Also, 22 cases of gall bladder 
cancer were observed for both sexes combined when 13 cases were expected 
(SIR=142, P=O.0556). 
The results of this study are inconclusive, especially in light of 
nonsignificant results in cancers of the stomach, small intestine, rec-
tum and peritoneum, the actual negative association in observed and 
expected value in cancer of the colon and the positive association ;n 
leukemia (a site not implicated with asbestos-exposure). 
The small population studied and relatively low number of cancer 
cases could account for the significant levels noted in the various 
sites. Several biases in the study were also noted, including the in-
ability to control for emigration-immigration pattern, the unknown quan-
tity of asbestos-cement piping in the exposed communities, the unknown 
amount of fibers actually in the drinking water and the inability to 
control for such variables as occupation, diet and smoking habits. 
v 
ABSTRACT • 




TABLE OF CONTENTS 
Background Information . 
Asbestos in Drinking Water 
Recent Studies 
Objective of Research 
11. METHODS 
Selection of the Study and Control Groups 
Methods in Determining Incidence of Cancer 
Specific Cancer Sites Chosen for the Research 
Vari~bles Considered in this Study 
Collection of Cancer Data 



























LIST OF TABLES 
Page 
I. Towns/Cities with Water Supply Systems Serving 
More than 500 Population 32 
II. Utah Communities Included in Study Group. 33 
III. Control Group Communities not Using Asbestos-Cement 
Pipe 35 
IV. Age Distribution for Study and Control Groups 37 
V. Aggressive Index for Study Group Communities. 38 
VI. Number of Incidence Cases According to Site 1967-1976. 39 
VII. Average Annual Age Specific Rates for Study and 
Control Communities per 100,000 Population 45 
VIII. Observed and Expected Cancer Incidence Ratios for 
Study Communities (all ages) 1967-1976 49 
IX. Mantel-Haenszel Chi Square Analysis of Cancer 
Incidence Data 1967-1976 51 
X. Observed and Expected Cancer Incidence for Combined 
Sites for Study Group Males and Females for 55 
Five Different Age Groups 1967-1976 
ACKNOWLEDGEMENT 
Appreciation is extended to my committee for their cooperation, 
advice and guidance during the completion of this thesis. I also thank 
Mr. Gayle Smith, Bureau of water Quality, Utah State Division of Health; 
to Mr. Larry Derrick and staff of the Utah Cancer Registry; and Grace 
Chiu and Steve Fullerton, Division of Biostatistics, Department of 
Family and Community Medicine, University of Utah Medical Center for 
supplying data and assistance in preparation of thesis materials. Spe-
cial appreciation is extended to Mrs. Barbara Carlow for her assistance 
in data collection, data compilation and typing of the manuscript. 
Thanks is also extended to Dr. Harry L. Gibbons of the Salt Lake 
City-County Health Department, for his support and understanding during 
the preparation of this thesis. 
Lastly, I am deeply appreciative for the support, understanding and 




Asbestos is the generic name used for a number of fibrous mineral 
silicates of the serpentine and amphibole series. Their formation re-
quires common geological principles of the right host rock, basic 
structural features and ideal conditions of temperature and pressure. 
Government agencies in various countries and industrial groups currently 
characterize six fibrous silicates as asbestos:· the fibrous serpen-
tine mineral chrysotile and the fibrous amphiboles actinolite, amosite, 
anthophyllite, crocidolite and tremolite. 
Current usage of the term asbestos is restricted to these specific 
silicates, although there are many other minerals with fibrous crystal 
habits that occur naturally. These latter mineral species, however, 
either do not possess such properties traditionally ascribed to asbestos 
as, for instance, heat stability, thermal and electrical insulation, the 
ability to be woven, stability in aciGs and alkalis, or do not occur in 
sufficient concentrations for exploitation. The original definition of 
the ItJord asbestos is derived from the Greek, "incombustible" (1J. 
Asbestos has been mined for several hundred years, but it is or~y 
in the last 100 years that asbestos production rapidly increased to the 
present world output of 4 million tons per year. Early descriptions of 
~~ng disease associated with asbestos exposure were followed by reports 
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of asbestos-associated lung cancer as well as pleural and peritoneal 
mesotheliomata (2-4). Most reports linking asbestos with human disease 
have cited occupation as the prime source of exposure (5-8). The dur-
ation of asbestos exposure can be from less than one year to 45 or more 
years, and the latency between onset of exposure and tumor development 
frequently exceeds 20 years (9). 
Exposure-response relationships between asbestos and pulmonary 
neoplasia have been described in several cohorts of asbestos workers 
(5-8). The possibility that non-occupational exposure to asbestos may 
cause neoplasia is suggested by a reported presence of ferruginous (as-
bestos) bodies in autopsied lungs of patients dying of bronchogenic 
carcinoma (10). Furthermore, "neighborhood" cases of mesothel ioma have 
been described in persons living near crocido1ite mines (11), asbestos 
textile factories (12) and shipyards (13). 
Five independent group studies revealed a three-fold increase in 
malignancies of the gastrointestinal tract in asbestos workers compared 
to unexposed people (14-19). As a result of these studies, it is sus-
pected that asbestos ;s casually implicated in carcinoma of the esopha-
gus, stomach, colon and rectum. There has been some controversy, how-
ever, whether the asbestos fibers from the lungs arrive at the site of 
the cancers by way of the bloodstream or by the passage (of possibly 98 
percent) of the inhaled fibers down the intestinal tract (20). 
Asbestos in Drinking ~ater 
Because the allowed standard of permissible asbestos exposure has 
been decreased drastically ov~r the past several years with our in-
creClsed knowledge about the carcinogenic effects of asbestos and Jecause 
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observations from several studies may indicate that exposure to asbestos 
via the gastrointestinal tract (presumably from swallowed sputum in 
workers exposed to airborne asbestos) increases the risk of cancer in 
tissues directly and indirectly exposed to fibers, much interest has 
been focused on the presence of asbestos fibers in water supplies. 
Asbestos fibers have been found in water supplies and beverages and 
questions have been raised as to the effect of long-term ingestion of 
these fibers (21-27). Asbestos may occur in drinking water because the 
fibers are in the water supply source or because the fibers have been 
leached from the interior of the asbestos-cement pipe often used as 
water mains. Asbestos fibers in source water can originate from natural 
deposits or industrial contamination (28). No evidence of excess mor-
tality was found in the study of a population living in an area of 
naturally occurring asbestos deposits in the United States (29). In 
June, 1973, the United States Environmental Protection Agency reported 
the discovery of large amounts of asbestos in Lake Superior, the source 
of municipal water for Duluth, Minnesota (population 100,578), and five 
smaller communities on the lake shore. Electron microscopic studies 
revealed one to thirty million amphibole asbestiform fibers per liter 
of Duluth tap water. The fibers in the water resulted from a large 
mining company dumping, since 1955, large quantities of taconite tailing 
wastes directly into the lake at its iron ore processing plant fifty 
miles northeast of Duluth. A study of gastrointestinal cancer incidence 
for the period 1969-1972, 14 years after this asbestos contamination re-
vealed no excess in total gastrointestinal cancer incidence and no :on-
sistant patterll of statistical differences observed for certain sites 
(30). Because of the long latency period between exposure and cancer, 
surveillance has been initiated to identify any unusual occurrence of 
cancer that might be detected in future years. 
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Asbestos-cement pipe has been used in the United States for about 
forty years. Today, over 200,000 miles of asbestos-cement pipe supply 
drinking water in the United States. Eighty percent of the asbestos 
used in cement pipe manufacture in the United States is apparently chry-
sotile (31). Several tests have been conducted to investigate the ero-
sion of asbestos fibers from the inside surface of asbestos-cement pipe 
by water passing through the pipe. These tests indicated that asbestos 
erosion did take place, however, at a very minute level (0.(15 mg/gal -
0.28 mg/gal) (32-33). 
These particular tests have been criticized, however, since the sys-
tems tested consisted of new asbestos-cement pipe and used the Ryznar 
index for evaluation which minimizes the extent of fiber erosion. The 
Ryznar index indicates how aggressive the water is for dissolving and 
removing calcium constituents in cement. The higher the index number, 
the more like1y erosion of asbestos fibers will take place. By modestly 
increasing this stability index, the above tests show a twenty-fold in-
crease in fiber erosion (34). Also, normal drilling and tapping of 
asbestos-cement pipe would cause additional amounts of asbestos to be 
added to the supply, due to the contact with raw edges (34). In a more 
recent investigation, fifteen asbestos-cement pipes of various ages, 
lengths and diameters were studied for possible release of chrysotile 
asbestos. Although several water systems contained moderatelY aggressive 
vJater, no statis:ically significant release of chrysotile was observed. 
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Aggressive water is determined by using an aggressiveness index (AI). 
AI = pH+log 10 C Total alkalinity in (mg/L as CaC03) x calcium hardness 
in (mg/L as CaC03))' Waters with an AI of 2 or less are considered 
very aggressive and waters with an AI greater than 10 are considered non-
aggressive. It may be possible, however, that chrysotile was released 
from the tested pipes at levels below the detection limits used in the 
study, or at levels that were obscured by laboratory contamination or 
by chrysotile already present in the water (35). 
Recent Studies 
Recently, an investigation of the use of asbestos-cement pipe for 
public water supply and the incidence of gastrointestinal cancer in 
Connecticut for the years 1935 to 1973 was conducted. Using composite 
indices of asbestos exposure (including factors relating to the age of 
the pipe, the ability of water to leach asbestos from the pipe and the 
length of the pipes used by the population) no association was noted 
between asbestos risk scores and gastrointestinal tumor incidence (28). 
There has been new data showing ingested asbestos is excreted in 
the urine, suggesting that the kidneys are possibly an additional organ 
site for asbestos-induced cancer (36). Another recent study in insulator 
workers shows that there is an increase in kidney cancers among these 
workers (37). Finally, in a recently completed study in the San Fran-
cisco Bay area, an association has been found in the use of asbestos-
cement pipe for drinking water and the incidence of cancer of the peri-
taneum, lung, gall bladder, pancreas, stomach, pleura and kidneys (38). 
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Objective of Research 
The use of asbestos-cement pipe for public water supplies possibly 
increases the ingestion of asbestos. This ingestion may increase the 
risk of asbestos-induced cancer after a long latency period from time 
of exposure. 
The objective of this research was to test the hypothesis that 
there is a positive association between the use of asbestos-cement 
piping in Utah communities and the incidence of gastrointestinal and 
ki dney cancer. 
This study endeavors to provide research data that will add to 
existing knowledge concerning the health effects of exposure to asbestos. 
The study, hopefully, wi 11 shed 1 i ght on the "exposure-response" re 1 a-




Selection of the Study and Control Groups 
A questionnaire was sent to all water system managers of cities 
and towns in the State of Utah that had public water supply systems 
that served more than 500 people (see Appendix). It vJas determined 
that water systems that served less than 500 people were too numerous 
and to include them in a study of this size would be prohibitive cost-
wise. The number of towns and cities with populations over 500 totaled 
169 (Table I). Not all responded to the questionnaire and so a second 
and third letter was sent until 157 of the 169 cities and towns res-
ponded (93%). 
The questionnaire asked several questions concerning the water 
supply system including specific questions about the use of asbestos-
cement pipe in the distribution line. A total of 62 communities (39~b) 
ansv/ered that they used asbestos-cement pi pi ng to some extent. Of these 
62 communities, however, some had used asbestos-cement piping for only 
a few years, some used only a small amount of asbestos-cement piping 
for only a few years, some used only a small amount of asbestos-cement 
piping in their distribution lines, and some had populations that had 
tripled and quadrupled in the past 15 to 20 years. A second question-
naire was sent asking for exact amounts of asbestos cement pipe usage 
(i.2., percent.3Y? and 1inear miles or feet). 'Jery littie inff)rr~ation 
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was available from the water districts on exact distances, but they 
confiTmed that asbestos-cement pipe was the primary pipe used in main 
distribution lines. It was decided, therefore, to use those communities 
in our study group that met the following criteria: 
1. Asbestos-cement piping was the predominate type of piping 
used in the main distribution lines. (Exact amount or percent has 
been impossible to determine.) 
2. The communities had used asbestos-cement piping 20 or more 
years. 
3. The communities had less than a 200 percent increase in pop-
ulation from 1960 to 1975. 
14 communities in the State of Utah met the above criteria (Table 
II) . 
The control group for this research included other communities in 
the State of Utah that do not use any asbestos-cement pipe in their 
water supply systems (Table III). Several factors were considered in 
choosing communities for the control group. They included: 
1. Stable population - as with study group communities, only 
communities with less than a 200% increase in population in the last 
15 years. 
2. Community population size greater than 500. 
3. Water source - all communities in the study group obtain their 
water from deep wells or sptings (except for some surface water sources 
for Clearfield & Kaysvi1le), therefo~'e, all central communities had 
water sources from deep wells and springs since water source could 
possibly influence the amount of natural SOJrce fiber content in the 
water. 
4. Water treatment - all water systems in the study group had 
only chlorination treatment of water, therefore, all control group 
communities had just chlorination treatment of water (chlorine has 
been implicated as a possible carcinogenic agent when it combines with 
other chemicals in the water to produce Trihalomethanes). 
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5. Urban versus rural communities - no community in the study 
group had a population greater than 50,000; therefore, control commu-
nities did not exceed 50,000 in population. This eliminated the largest 
cities of Utah (i.e., Salt lake City, Provo and Ogden). 
Methods in Determining the Incidence of Cancer 
Because of the sometimes long latency period between exposure to 
a carcinogen and the development of cancer, only those people that were 
35 years old and older were included in this study. Also, the specific 
time period from 1967 through 1976 (ten year period) was chosen as the 
time period to tabulate cancer incidence. According to officials of 
the Utah Cancer Registry, this ten year period has the most accurate and 
complete coverage of cancer records on file. Zeroing in on this speci-
fic age group during this specific time period allowed those in the study 
group to be exposed for a long period of time to the suspected carcino-
genic agent (i.e., asbestos from the Ale pipe) and also allowed lag time 
for the development of the cancer. 
Incidence of cancer instead of mortality was tabulated in this 
study for several reasons: 
1. Records available at the Utah Cancer Registry are more accur-
ately analyzed for incidence. 
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2. There are more than twice as many incidence records as there 
are mortality records. 
3. Death certificates reflect residence at time of death rather 
than lifetime residence. Therefore, mortality data many times show 
place of residence as Salt Lake or some other large municipality since 
people with cancer usually move near a major hospital for extended 
treatment. Incidence data controls somewhat for this migration. 
Specific Cancer Sites Chosen for the Research 
Since ingested asbestos fibers would most likely have a carcino-
genic effect on the organs of the gastrointestinal tract, specific 
cancer sites of the stomach, small intestine, colon, rectum, gall 
bladder, pancreas and peritoneum were included in this incidence study. 
Gall bladder and peritoneal cancers were included because statistical 
significant trends were found for these sites in the University of Cali-
fornia Study (38). Also because of the increased rate of kidney cancer 
in the Insulator Workers Study (37) and vlith the possibility that asbes-
tos fibers circulate through the body after ingestion and concentrate 
in the kidney (36), this site was also examined. Other sites of the 
gastrointestinal and genitourinary tracts were not included in this 
study since other carcinogenic f3ctors cause high incidence of cancers 
in these sites which would mask any effect asbestos-caused cancer may 
have (e.g., mouth, bladder and prostrate cancers). 
Besides the above mentioned cancer sites of the gastrointestinal 
tract and kidney, three other cancer sites were chosen to be included 
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in this study for control purposes. The three cancer sites include 
leukemia, melanoma and lymphoma. It is possible that cancer incidence 
in this study may differ due to variables other than the use of asbes-
tos-cement pipe 1n the drinking water systems. An increased incidence 
in all cancer rates including these three low exposure sites would 
indicate this. However, if an increased incidence of gastrointestinal 
cancers was found and not an increase in the incidence of the three 
control sites, then a possible casual association may be present. 
Variables Considered in this Study 
Several variables were considered in this study which might influ-
ence the incidence of cancer in our Utah communities. They are as 
follows: 
1. Age Distribution: This variable certainly is important in 
analyzing age specific rates and determining the true incidence of 
cancer. To control for this variable, incidence data is broken down 
into five age groupings - 35 to 44 years of age, 45 to 54 years of age, 
55 to 64 years of age, 65 to 74 years of age and those 75 years old 
and older (Table IV). 
2. Religion: In Utah, religion (i.e., Mormon lifestyles) can 
play an important part in the incidence of cancers. However, because 
accurate data on religion is difficult to obtain and no denominator 
data was available and also because all communities are in Utah and 
are fairly rural, it was decided not to control for religion in this 
study. 
3. Water Source: Asbestos ~ibers found naturally in culinary 
water could certainly influence the variability of ingested fibers from 
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one community to the next. According to the University of Utah Geology 
Department, there are no known native chrysotile asbestos sources in 
Utah; therefore, it is rational to assume that there is no naturally 
occurring asbestos fibers of any extent in any of the water supplies. 
Incidentally, all communities in both the study and control groups ob-
tain their water from deep well and spring sources. 
4. Aggressiveness of Water: The aggressiveness index (AI) for 
water supplies in the study group has been calculated from data ob-
tained from water samples collected and analyzed by the Utah State 
Division of Health (Table V). 
According to EPA officials at the Health Effects Research Labor-
atory in Cincinnati, Ohio, none of the study group communities have 
very aggress i ve \'Jater since any aggress i veness index over 10 is con-
sidered non-aggressive; therefore, the amount of fiber erosion from 
the asbestos-cement pipe should be minimal. The EPA officials feel, 
however, that this is a gray area of knowledge and that the amount of 
fiber erosion that might take place is really not known. 
5. Extent of Water Treatment: No community in either the study 
or control group has treatment of water (i.e., filtration, floccu-
lation) that might remove asbestos fibers; however, all communities 
in both the study and control groups have chlorinated water supply 
systems. 
6. Occupation: This is a difficult variable to control for in 
this limited study. This 'tJOuld necessitate personal interview of evety 
cancer incidence case and was impossible to do because of budget res-
trictions. 
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7. Immigration, Emigration: This is probably the most difficult 
variable to control for. This again would necessitate personal inter-
view of every cancer case. It is controlled in a very rough way by 
taking communities with less than 200% population growth. 
8. Other Cancer-Causing Agents: (i.e., smoking, industrial pollu-
tants, etc.). Cannot be controlled for in a study of this size. 
9. Rural Versus Urban Communities: This has been controlled for 
in a limited manner by limiting the study to Utah communities under 
50,000 population. 
10. Sex: Cancer incidence rates vary between male and female; 
therefore, cancer incidence is controlled for in all statistical 
tabulations. 
Collection of Cancer Data 
The Utah Cancer Registry provides very detailed data on the inci-
dence of all cancer sites examined in this study. Computer printout 
sheets were generated by the Utah Cancer Registry for all cancer sites 
included in this study for the years 1967 through 1977. Many of these 
printouts contained information on individuals names, city of residence, 
sex and age. For those printouts that were incomplete, it was neces-




Using age and sex as dependent variables, the number of cancer 
incidence cases vs. non-cases for each particular cancer site was 
calculated for both the study and control groups. Exposure sites of 
stomach, small intestine, colon, rectum, gall bladder, pancreas, peri-
toneum and kidney were then combined for their total cancer incidence 
cases (Table VI). Average annual age specific rates were then com-
puted for both the study and control groups per 100,000 population 
(Table VII). Since a comparison of age specific rates can be mis-
leading, other statistical methods were used to compare and analyze 
raw data. 
Cancer incidence data for the ten-year period was analyzed for 
observed and expected ratios (Table VIII). Observed values were cal-
culated for males, females and males and females for all age groups 
for each cancer site: 
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Observed = ?:. Study cases (i) 
;=1 
i = 1 to 5 (for the 5 age groups) 
Expected values for males, females and males and females combined 
were calculated in the following manner: 
5 
Expected Control cases (i) 
i=l Control population (i) x study population (i) 
i = 1 to 5 (for the 5 age groups) 
A Standard Incidence Ratio (SIR) was then calculated by dividing 
the observed number by the expected number and multiplying by 100. 
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To determine the statistical significance for the difference in the 
incidence values between the study and control groups, the Mantel-
Haenszel Chi Square Statistical Procedure was used. The Mantel-Haens-
zel Chi Square Procedure allowed for summary of data for the controlled 
variables of sex and age. Probability values (P-values) were generated 
using the University of Utah's Computer CBSS-CHISQ Analysis (Table IX). 
Observed cancer incidence of several sites were significantly 
increased over the number expected in those communities using asbestos-
cement piping. Kidney cancer in males had an observed incidence of 
31 cases compared to an expected number of 16 cases, with an SIR of 
192 (P< 0.01). Also cancer of the kidney in males and females com-
bined showed an excess of observed numbers over expected values (42 
observed, 26 expected). The SIR was 163, and the rates were statis-
tically significant (P<0.05). The high observed values for kidney 
cancer were mainly due to increased cancer incidence in the male 55-64 
and 75 and older age groups. The 55 to 64 year old age study group 
had an average annual age specific rate of 41.5 kidney cases per 100,000 
population compared to 14.6 cases in the control community. In the 
75 and older age group, the difference is even more striking (69.9 
cases per 100,000 population in the study group compared to no cases 
in the control group). 
Observed leukemia cases in study community females were higher than 
expected number (observed 43, expected 21). The SIR value in this case 
was 204 (P< 0.01). Also, observed cases of leukemia in both sexes com-
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bined were significantly higher than expected (83 observed, 58 ex-
pected) with an SIR value of 163 (P 0.05). The higher observed values 
for both sexes combined, however, were almost entirely due to the in-
crease rates of leukemia in females in the 3 older age groups as evi-
denced by Table VII. 
Gall bladder observed and expected ratios in females of study 
communities also showed disparity (observed 13, expected 6) with an 
SIR of 215; however, the P-value was not significant (P = 0.0532). 
The same holds true for cancer of the gall bladder when sexes were 
combined (22 observed, 13 expected). The P-value in this case being 
0.0536. Age specific rates in Table VII indicate increased incidence 
rates in both sexes in the three older age groups. 
Of interest to note are the low SIR values for cancer of the colon 
in females of study communities (SIR 67) and cancer of the colon in 
sexes combined (SIR 79). Statistical analysis of incidence data show 
a negative association that is statistically significant (PL 0.01 
for colon cancer in females and P 0.05 for colon cancer in both sexes 
combined). Age specific fetes for colon cancer incidence were consis-
tantly higher in females of all age groups in the control population. 
Observed and expected values were then calculated for all gastro-
intestinal sites combined excluding the gall bladder and pancreas 
(Table X). These sites (stomach, small intestine, colon, rectum and 
peritoneum) would most likely have more direct contact with ingested 
asbestos fibers. For asbestos fibers to reach the other sites, they 
would have to get into the bloodstream and circulate through the body. 
Observed cases were very close to what expected values were. Observed 
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number of cases for the 35-44 year old age group totalled 11 with an 
expected value of 10 (SIR 110). For the 65 to 74 year old age group, 
78 cases were observed with an expected value of 72 (SIR 108). All 
other observed numbers for the other three age groups were less than 
what was expected. 
All age groups were then combined to get a total observed and 
expected value for the five gastrointestinal sites analyzed together. 
An observed number of 260 cases were found with an expected value of 
282 (SIR 92). 
CHAPTER IV 
DISCUSSION 
This particular study which explores the use of asbestos-cement 
pipe in drinking water supplies and the incidence of gastrointestinal 
and kidney cancers in the State of Utah for the years 1967 to 1976 is 
unique when compared to other similar studies. Utah has no shipyards, 
there are no asbestos factories, there are no known naturally occurring 
asbestos fibers in the water supplies; in addition, Utah has no major 
occupational exposure problems to asbestos other than the construction 
industry. 
Studies of asbestos-cement pipe use and the incidence and mortality 
of cancer in other areas may have been confounded by some occupational 
exposure of the general population to asbestos or from asbestos occur-
ring naturally in the water supplies. The University of California 
Study which explored asbestos in drinking water and cancer incidence 
did not control for past occupational exposure from shipyards in the 
San Francisco Bay area. Shipyards exposed a large number of people to 
asbestos especially during World ~Jar II. Also, 'Hater in San Francisco 
is supplemented by water from a reservoir that is located in a chry-
sotile rock area (38). In the Connecticut Study where the use Of asbes-
tos-cement pipe for public water supply and the incidence uf gastroin-
testinal cancer were investigated for the years 1935-1973 (28), data 
possijly could have been influen~ed by occupational exposure from 
Groton, Connecticut; however, their results showed no effect. The 
mortality experience of twenty-two municipalities in Quebec grouped 
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by evidence of exposure to asbestos fibers in water supplies which 
showed excess cancers of certain sites may have been due to occupational 
exposure to asbestos in mines or mills (40). 
This Utafl Cancer Study compared the incidence of gastrointestinal 
and kidney cancer (plus 3 control sites) of fourteen communities in 
the State that had used asbestos-cement pipe in their drinking water 
supplies for 20 or more years with 27 Utah communities that had never 
used asbestos-cement piping in their drinking water supplies. Cancer 
incidence data was analyzed for observed and expected ratios (Table 
VII). Observed cancer incidence of several sites were substantially 
increased over expected numbers. These included cancer of the kidney 
in males (31 cases observed, 16 expected) with an SIR of 192 (P = 
0.0085); cancer of kidney in both sexes combined (42 observed, 25 
expected) with an SIR of 163 (p = 0.0188); leukemia in females (d3 
observed, 21 expected) with an SIR of 204 (P = 0.0006) and leukemia 
in both sexes combined (83 observed, 58 expected) with an SIR of 163 
(P = 0.0136). 
Cancer of the gall bladder in females also showed an increased 
observed incidence of 13 compared to an expected val~e of 6 (SIR = 215). 
The P-value was close to being statistically significant (P = 0.0532). 
When both sexes were combined for gall bladder cancer, 22 cases were 
observed when 13 cases were expected (SIR = 142). Again, results were 
close to being statistically significant (P = 0.0556). 
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No other sites showed a significant increase in observed cases over 
expected values. Worth noting, however, were the low SIR values for 
colon cancer in females (SIR 67) and colon cancer for both sexes com-
bined (SIR 79). These results indicate an actual negative association 
between the use of asbestos-cement pipe in drinking water supplies and 
the incidence of colon cancer. 
Observed and expected values were then calculated for all gastro-
intestinal sites, excluding the gall bladder and pancreas; since these 
sites would most likely have more direct contact with ingested fibers. 
Observed numbers were very close to expected values in all separate 
age groups and all age groups combined (Table X). 
The results of this study are inconclusive. The statistically sig-
nificant (p< 0.01) increase of observed leukemia cancer cases in fe-
males was not expected. Leukemia was chosen as a cancer site for this 
study because it was considered a low exposure site where asbestos 
induced cancer from ingestion of fibers would not be expected. If there 
was a general increase in cancers of the gastrointestinal tract and 
cancers of low exposure sites (i.e., leukemia, lymphoma, malanoma), 
then we ascertained that the increase might be due to factors other 
than the ingestion of asbestos fibers. If on the other hand, this study 
indicated an increased occurrence in the incidence rate in the study 
communities of gastrointestinal cancers but not the low exposure sites, 
then a possible link could have been made to the ingesticn of asbestos 
fibers and cancer. We found the reverse. 
It would be a difficult process biologicallj far ingested asbestos 
fibers to enter the bloodstream and be deoosited in the bone marrow 
. , 
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where they could induce leukemia. Studies in rats have shown, however, 
that asbestos fibers, when directly injected into the stomach, can 
penetrate the stomach wall and circulate throughout the body in the 
blood and lymph systems, lodging in numerous organs (41). The same 
researchers have found that asbestos fibers can even penetrate the 
placental membrane, formerly considered to be a barrier to all parti-
culate matter (42). Leukemia, however, has not been implicated in any 
other asbestos study. 
The increased observed cases of kidney cancer in males is also in-
teresting to note. If asbestos fibers can penetrate the stomach wall, 
circulate through the body in the bloodstream and be deposited in the 
kidneys, then it is a likelihood that asbestos fibers could induce 
cancer of thl2 kidney. As mentioned earlier, recent EPA studies indi-
cate that sediment in human urine examined by transmission electron 
microscopy contains asbestos fibers which originate from the ingestion 
of drinking water contaminated with asbestos fibers. The recently pu-
blished Insulation Worker Study by Selikoff et. al. (37) reported excess 
kidney cancer among insulation workers, but their ingestion exposure 
was undoubtedly very high compared to drinking water exposure. Also, 
the epidemiological study on the San Francisco area purports to asso-
ciate (P<O.05) incidence of kidney cancer with dose of chrysotile 
fibers in drinking water in different sections of the city. 
The increased observed incidence of cancer of the gall bladder in 
females could very well be due to chance, especially considering the 
small incidence numbers we were looking 2t (e.g., gall bladder and 22 
total observed cases when 13 were expected). 
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Of interest are the combined observed and expected values for the 
stomach, small intestine, colon, rectum and peritoneum for various age 
groups and all age groups combined (Table X). Observed numbers were 
very close to what was expected. One would expect (from all prior 
studies) higher incidence of cancers at these sites if, in fact, asbes-
tos fibers were being leached from the inside of the asbestos-cement 
pipe and were ingested by the residents in exposed communities in large 
enough quantities over a long enough time period to induce cancer. Yet, 
there were no increase incidences noted. In fact, several observed 
values for the gastrointestinal sites were below the expected numbers. 
It is most likely that the significant (P< 0.01) increase in inci-
dence of cancer of the kidney, leukemia, and the marginally significant 
(P< 0.05) increase of cancer of the gall bladder were due to chance 
alone. Relatively small populations were studied (Table IV) which cer-
tainly increases the likelihood of chance variation in incidence numbers 
among the groups. The statistically significant negative association 
noted for colon cancer certainly adds credence to this proposal. Also, 
for the 156 Mantel-Haenszel Chi Square calculations performed, one would 
expect at least one or two of these calculations to show significance at 
the P( 0.01 level due to chance alone. If, in fact, ingested asbestos 
were to cause cancer of the kidney or leukemia, one would expect in-
creased rates for both sexes. Yet, this was not the case. The high 
observed values for kidney cancer were primarily due to male 55 to 64 
and 75 and older age groups. Likewise, the high observed incidences of 
leukemia we're due to increased incidence of cancer in study group fe-
males in the alder age groups. 
Besides the relatively low number of cases and small population 
analyzed, this study had other restrictions which make it virtually 
impossible to show causal effect in the use of asbestos-cement pipe 
and the incidence of cancer. Variables such as occupation, diet, 
smoking habits and length of residence were not controlled for for 
budgetary and logistic reasons, but would certainly influence cancer 
rates. Immigration-emigration patterns would make it difficult to 
really examine the population at risk. 
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Also, because of budgetary and logistic reasons, the actual amount 
of leaching of asbestos fibers from the insides of the pipes into the 
water supplies was not examined. It may be that, due to the nonaggres-
siveness of the water chemistry, very little or no asbestos fibers are 
getting into the water supply and subsequently being ingested. The 
actual length of asbestos-cement piping in the study communities was 
impossible to determine in this study. 
It is of interest to comment on other studies in light of the 
methods and results of this particular study. 
The Asbestos-Cement Pipe-Cancer Study in Connecticut for the years 
1935-1973 grouped townships according to the assessment of exposure 
(AGE) and risk factor (RF) for asbestos. These were composite indices 
of asbestos exposure including factors relating to the age of the pipe, 
the ability of water to leach from the pipe and the length of pipes 
used by the population. It was impossible in the Connecticut Study to 
ascertain the exact amount of asbestos-cement pipe used, thus, some 
residents of "ex~osed" towns were not served by asbestos-cement pipe 
(a problem similar to this study). The Connecticut Study detected no 
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changes in incidence rates or patterns in cancers of the stomach, colon 
or rectum that could be construed as related to the use of asbestos-
cement pipes used to carry domestic water supplies. 
Biases were noted in the Connecticut Study by its authors. There 
was difficulty in ascertaining town boundaries (this would have the 
effect of diluting positive associations between cancer incidence and 
asbestos in water). Geographic distribution of cancer experience was 
defined by the patient's town of residence at the time of diagnosis 
(the same immigration-emigration bias common to our study); there was 
no information about place of employment or whether or not asbestos 
exposure from water supply might have differed from what was present 
in the home. 
The Connecticut Study also attempted to identify the amount of 
erosion taking place within the pipe and the amount of fibers being 
added to the water. Fiber count for water sources prior to entering 
asbestos-cement pipe distributions systems ranged from 100,000 to 
500,000 chrysotile fibers per liter of water. Water samples collected 
from distribution systems after water had passed through various lengths 
of asbestos-cement pipe had chrysotile fiber counts ranging from below 
detectable limits (10,000 fibers per liter to 700,000 fibers per liter). 
In general, the higher fiber counts were associated with water supplies 
having an aggressiveness index less than 10 (28). Thus, no statisti-
cally significant release of c~rysoti1e was observed. Olle would have 
to conclude that asbestos-cement pipe systems in Utah, all of which had 
nonaggressive water (AI 10), would most probably have very little re-
lease of asbestos fioers into the water supply. 
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As mentioned earlier, the relationship between asbestos in drinking 
water and cancer incidence ratios was examined for the white population 
in the San Francisco Bay area. Income, education, country of origin, 
percent of tract population unmarried and percent of the population 
working in industries with possible asbestos exposure were controlled 
between case and control census tracts. Statistically significant 
(P< 0.01) results were found for cancer of the peritoneum for both 
sexes, lung cancer for males and gall bladder and pancreatic cancers 
for females. Marginally significant (P< 0.05) results were found for 
stomach for both sexes and for female pleura and kidney cancers. Re-
peating the analysis with the 385 tracts with the highest residence 
stability, according to a census indicator variable, led to similar 
results (38). The investigation concluded that a cause-effect infer-
ence must be limited because of the indirect nature of the data being 
compared (i.e., the main variables of interest which included census 
tract cancer incidence and census tract chrysotile asbestos fiber counts 
based on a limited number of samples). The investigator noted in the 
California Study basic problems in trying to control for potentially 
important variables, many, if not all of which, bias our Utah study. 
These variables included occupation, mobility, alcohol consumption and 
other dietary factors. 
The California Study questioned the adequacy of measure of general 
census industry categories that were used in the study for the propor-
tion of the population working in occupations with asbestos exposure 
and whether this could account for the resulting associations. The 
author of the study concluded, however, that since ~he effect of asbes-
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tos was seen in all levels of socio-economic status, occupation was not 
that great of concern since most construction or shipyard workers who 
are exposed to asbestos are in the lower or middle socio-economic cata-
gories and standard morbidity ratios showed a positive dose-response 
gradient for asbestos in water even in the high socio-economic group. 
I disagree with this conclusion, however, because the shipyards in the 
San Francisco Bay area have been active over 50 years (especially 35 
years ago during World War II) resulting in many people in the Bay area 
with a past history of occupational exposure to asbestos. 
Risk of asbestos-associated disease has also been observed in 
workers in other trades where asbestos exposure occurs, for example, 
where individuals simply working near "asbestos workers" are exposed 
to the same dusts. Risk extends even to individuals not employed in 
an asbestos-contaminated environment. Mesothelioma has been found 
among family contacts of asbestos workers residing in the same house-
holds, as well as among people living within a quarter mile or so of 
asbestos plants or other facilities which have used asbestos-containing 
materials (43-48). This is not to say, however, that water supplies 
serving the San Francisco Bay area that have high fiber counts (34 
million per liter in some cases) are not implicated. The two sources 
of exposure (i.e., shioyards and high fiber count water supplies) could 
very well give a combined exposure dose that could induce cancer. 
Finally, another recent study which links asbestos exoosure (mainly 
from occupational eXDosure) to increased incidence of gastrointestinal 
cancer and kidney cancer is of interest. Among asbestos workers, approx-
imately 20 percent of all deaths are due to lung cancer, seven percent 
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are due to pleural and/or peritoneal mesothelioma, and there is an 
excess found in several other categories (e.g., cancer of the esophagus, 
stomach, colon, rectum, oropharynx, larynx and kidney). In an analysis 
of causes of death among 17,800 asbestos insulation workers in the 
United States and Canada followed prospectively from January 1, 1967 to 
December 31, 1976, excess deaths were found for cancer of the lung, 
pleural mesothelima, peritoneal mesothelima, several gastrointestinal 
sites and kidney (37). 
The route of entry for asbestos fibers for insulation workers (and 
other occupationally exposed workers) is presumably by inhalation. The 
disposition of asbestos fibers entering the respiratory tract is not 
fully understood. Certainly some fibers are ultimately deposited in 
the airways and lung tissue. Some could also be expectorated or con-
veyed to the gastrointestinal tract by airway clearance mechanisms and 
possibly some of the pleural and peritoneal cavities via lymphatic 
drainage (49). 
How fibers might reach the kidneys is not yet known as mentioned 
earlier in this paper. Asbestos fibers are eliminated in human urine 
when water contaminated with asbestos fibers is ingested (36). In 
mice, asbestos injected subcutaneously migrates along lymphatic path-
ways from the injection sites. Fibers accumulate in lymphoid tissues, 
particularly in regional lymph nodes and are usually contained within 
macrophages. Small numbers of fibers are found in the spleen, pleura, 
liver, kidney and brain (50). 
Recommendations 
Further research in the State of Utah would be of interest in 
light of findings in this study. The following are recommended areas 
that such research might explore: 
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1. Development of a method to better define the population at 
risk, controlling for immigration-emigration patterns. the exact amount 
of asbestos-cement pipe used and other similar variables. 
2. An analysis of the water flowing through the asbestos-cement 
piping to determine the extent of fiber erosion and the actual amount 
of fiber released into the water supplies. 
3. An analysis of urine from residents of communities that use 
asbestos-cement piping to determine the possibility of fibers being 
eliminated from the body. 
4. An analysis of autopsied kidney tissue from exposed community 
residents to determine the possibility of deposition of asbestos fibers 
in this organ. 
5. Expansion of this study to include a larger population, thus 
reduce the possibility of chance variation in cancer incidence numbers. 
APPENDIX 
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Division of Environmental and Occupational Health 
Dear Sir: 
The Division of Occupational & Environmental Health of the Depart-
ment of Family and Community Medicine, University of Utah, is in the 
process of gathering data to compare community water supplies in the 
State of Utah. The Utah State Division of Health has been most helpful 
in supplying a great deal of information, but there is some data we 
need for our comparative study that they do not have. We would appre-
ciate what information you could give us in relation to the questions 
asked below: 
1. How long has your community had a public water supply? 
2. What is the main source of water? Deep well, spring, surface 
collection. 
3. What type of storage facilities do you have for water? 
4. Is your water system chlorinated? If so, how long has your 
chlorination system been in use? 
5. Do you use iron piping in your distribution system? If so, 
to what extent and how long has it been used? Has there been any 
corrosion problems with this type of piping? 
6. 00 you use asbestos-cement piping in your distribution system? 
If so, to what extent and how long has it been used? Has there been 
any structural or corrosion problems with this type of piping? 
7. How long have you been water-master for your community v/ater 
supply system? 
8. In your oplnlon, what are the major problems facing your water 
supply system now? In the future? 
We appreciate the time you·ve taken to fill out this questionnaire. 
Terry D. Sadler 
Project Director 
Salt Lake City-County Health Dept. 
Sincerely, 
Wi 11 i am N. Rom, M.D., M. P . H. 
Division of Occupational and 
Environmental Health 
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Division of Environmental and Occupational Health 
Dear Si rs: 
Earlier this year, we sent to you a questionnaire concerning your 
water supply system. Information that we gathered from this question-
naire has provided us with excellent information in ascertaining the 
status of water supply systems in the State of Utah. 
One of the questions on the questionnaire was concerning the use of 
asbestos-cement piping. Quite a fe\v communities, including yours, use 
this type of piping in their system. In the United States there are 
approximately 200,000 miles of asbestos-cement piping used in culinary 
water supplies. To our knowledge, this piping has had very little struc-
tural or corrosion problems with extensive and prolonged use. 
We would like to find out specifically how much asbestos-cement 
piping is used in the State of Utah. We would appreciate it very much 
if you would answer the following questions and give us a reply as soon 
as possible: 
1. Of the total amount of plplng used in your distribution lines, 
what percentage is made of asbestos-cement piping? 
2. Approximately how many miles or linear feet of asbestos-cement 
piping is used in your system? 
Thanks again for your cooperation. 
TerY'y D. Sadler 
Project D';rector 
Salt Lake City-County Health Oept. 
Sincerely, 
l~ i 11 i am N. Rom, M.D., M. P. n . 




Towns/Cities with Water Supply Systems Serving 
More than 500 Population 
Towns/Cities with Population between 500 
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Age Distribution for Study and Control Groups 
Study Group* 
Ages Males % Females °l ,0 Total °l ;0 
35-44 4,289 36.2 4,503 37.2 8,792 35.7 
45-54 3,772 31. 7 3,577 29.6 7,349 30.7 
55-64 2,169 18.3 2,072 17. 1 4,241 17.7 
65-74 1 ,056 9.0 1 ,175 7.7 2,231 9.3 
75 & over 572 4.8 775 6.4 1 ,347 5.6 
Totals 11 ,858 100% 12 ,102 100% 23,960 100% 
Control Group* 
Ages Ma 1 es 01 Females 01 Total 01 to :'a 10 
-
35-44 7,110 29.1 7,346 30.8 14,456 30.0 
45-54 6,428 26.3 6,514 27.4 12,942 26.8 
55-64 4,788 19.6 4,872 20.5 9,660 20.0 
65-74 4,678 19. 1 3,117 13. 1 7,795 16.2 
75 & over 1 ,436 5.9 1 ,950 8.2 3,386 7.0 
24,4.10 1 Oo;,~ 23,799 100°6 48,239 100% 
* Based on 1970 U.S. Bureau of the Census Statistics 
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Table V 
Aggressive Index for Study Group Communities 
City A. I. City A. I. 
Hurri cane 1l. 8 Rooseve It 12.0 
Lewi 5 ton 1l.8 Moab 11.3 
Corri ne City 12.2 Kearns il.6 
Clearfield 12.4 Washington Terrace 12.0 
Magna 12.5 Spanish Fork 11.8 
Kaysville 12.4 South Jordan 11 .9 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Observed and Expected Cancer Incidence Ratios for 
Study Communities (All Ages) 1967-1976 
Site Sex Observed* Expectedt 
.illt 
Stomach Male 32.7 47.0 144 
Female 16.1 14.0 87 
Tota 1 48.4 61.0 126 
Sma 11 Intesti ne Male 4.0 3.0 77 
Female 2.4 4.0 169 
Total 6.2 7.0 113 
Colon Male 76.7 72.0 94 
Female 88.7 59.0 67 § 
Total 165.5 131.0 79 II 
Rectum Male 29.6 30.0 101 
Female 28.9 27.0 93 
Total 58.6 57.0 97 
Ga 11 Bladder Male 6.7 9.0 135 
Fema 1 e 6.0 13.0 21511 
Total 12.6 22.0 175 ** 
Pancreas Male 26.8 29.0 108 
Female 22.4 16.0 71 
Total 49.3 45.0 91 
Peritoneum Male l.3 2.0 113 
Fema 1 e 1.5 2.0 131 
Total 3.3 4.0 l?' ~I
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Table VI II (conti nued) 
Site Sex Observed* Ex~ectedt SIR:\: 
Kidney Male 16.2 31.0 192 § 
Female 9.9 11.0 111 
Tota 1 25.8 42.0 163 ~ 
Leukemi a Male 37.6 40.0 106 § 
Female 21.2 43.0 203 
Total 58.5 83.0 142 II 
Me1anoma ~1a 1 e 18.3 27.0 148 
Female 27-1 30.0 111 
Total 45.6 57.0 125 
Lymphoma Male 33.8 38.0 112 
Female 24.0 24.0 100 
Total 57.4 62.0 108 
5 
* Observed = Study cases (iP ; = 1 to 5 (for the 5 age groups) 
;=1 
5 
t Expected = Control cases 
i=1 Control population (i) x study population (i) 
; = 1 to 5 (for the 5 age groups) 
+ SIR = Observed x 100 
Expected 
J = S ta tis tic ally Significant (P 0.0l) 
II = Statistically Significa.nt (P 0.05) 
11 = (P = 0.0532) 
** = (P = 0.2556) 
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Table IX 
Mantel-Haenszel Chi Square Analysis of Cancer 
Incidence Data 1967-1976 
MH-X2 Value 
Site Sex Age Association P-Value 
Stomach Male 35-44 0.1958 + * 0.6582 
45-54 1.5305 + 0.2160 
55-64 0.0873 + 0.7676 
65-74 0.6730 + 0.4120 
75 + 0.2129 + 0.6445 
Female 35-44 0.0611 + 0.8048 
45-54 0.0176 - 0.8945 
55-64 O. 1120 - 0.7379 
65-74 0.3436 + 0.5578 
75 + 0.9434 - 0.3314 
Male All 3.2903 + 0.0697 
Female All 0.0957 - 0.7571 
Male & 
Female All 1.6089 + 0.2047 
Small 
Intestine Male 45-54 0.2464 - 0.6196 
55-64 0.2945 - 0.5874 
65-74 0.4653 + 0.4952 
75 + 0.4546 + 0.5001 
Female 35-44 0.6130 - 0.4337 
45-54 0.2777 + 0.5982 
55-64 0.3884 + 0.5332 
65-711 0.3770 - 0.5392 
75 + 0.4542 + 0.5003 
Male i; 11 0.0011 - 0.9743 
Female All 0.1950 + 0.6588 
Male & 
Female All 0.0010 + Q.9746 
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Table IX (continued) 
MH-X2 Value 
Site Sex Age Association P-Value 
Colon Male 35-44 0.0061 + 0.9377 
45-54 0.0646 - 0.7994 
55-64 0.0040 + 0.9496 
65-74 0.3516 + 0.5532 
75 + 2.6009 - O. 1068 
Female 35-44 4.9984 - 0.0254 * 
45-54 4.2632 - 0.0390 * 
55-64 0.9561 - 0.3282 
65-74 0.7363 - 0.3909 
75 + 0.0040 - 0.9494 
Male All 0.1530 - 0.6957 
Female All 6.8821 - 0.0087 t 
Male & 
Female All 4.8455 - 0.0277 * 
Rectum Male 35-44 0.0001 - 0.9959 
45-54 O. 1038 + 0.7473 
55-64 0.3495 + 0.5544 
65-74 0.0470 - 0.8284 
75 + 0.0004 - 0.9851 
Female 35-44 0.6130 - 0.4337 
45-54 2.9825 - 0.0842 
55-64 0.0405 - 0.8405 
65-74 0.7163 + 0.3974 
75 + 0.0003 + 0.9877 
Male All 0.0020 + 0.9640 
Female /l.ll 0.0102 - 0.9197 
t~a 1 e & 
Female All 0.0015 0.9695 
53 
Table IX (continued) 
MH-X2 Value 
Site Sex Age Association P-Value 
Gall Male 35-44 0.0652 + 0.7984 
Bladder 45-54 0.2464 - 0.6196 
55-64 0.2961 - 0.5864 
65-74 0.5044 + 0.4776 
75 + 0.1598 + 0.6894 
Female 35-44 0.6130 - 0.4337 
45-54 0.0059 - 0.9390 
55-64 1.9487 + O. 1627 
65-74 4.8031 + 0.0284 * 
75 + 0.0948 + 0.7582 
Male All 0.2732 + 0.6012 
Female All 3.7387 + 0.0532 
Male & 
Female All 3.6634 + 0.0556 
Pancreas ~la 1 e 35-44 0.1240 - 0.7248 
45-54 0.1574 + 0.6915 
55-64 0.0391 + 0.8433 
65-74 0.3267 + 0.5676 
75 + 0.0403 - 0.8409 
Female 35-44 0.1435 - 0.7048 
45-54 0.1015 + 0.7501 
55-64 0.1339 - 0.7144 
65-74 0.9856 - 0.3208 
75 + 0.0526 - 0.8186 
,'v1a 1 e An 0.0552 + 0.8143 
Female All 1.1655 - 0.2803 
Male & 
Female All 0.1992 - 0.6554 
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Table IX (continued) 
MH-X2 Val ue 
Site Sex Age Association P-Value 
Peritoneum Male 35-44 0.0652 + 0.7984 
45-54 0.5868 - 0.4437 
65-74 0.1996 - 0.6550 
75 + 0.2272 + 0.6336 
Female 45-54 0.0059 - 0.9390 
55-64 0.3792 + 0.5380 
Male All 0.0114 + 0.9151 
Female All 0.1019 + 0.7496 
Male & 
Female All 0.0873 + 0.7676 
Kidney Male 35-44 0.4554 + 0.4998 
45-54 0.0208 - 0.8854 
55-64 3.5997 + 0.0578 
65-74 0.8424 + 0.3587 
75 + 6.8485 + 0.0089 t 
Female 35-44 0.5798 - 0.4464 
45-54 0.0453 + 0.8314 
55-64 0.1274 + 0.7211 
65-74 0.0228 - 0.8801 
75 + 0.1824 + 0.0188 * 
Male All 6.9145 + 0.0085 t 
Female All 0.0257 + 0.8726 
Male & 
Female 5.5169 + 0.6693 
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Table IX (continued) 
MH-X2 Value 
Site Sex Age Association P-Value 
Leukemia Male 35-44 0.0001 - 0.9941 
45-54 0.0006 - 0.9799 
55-64 0.7190 + 0.3965 
65-74 0.2253 - 0.6350 
75 + 0.1512+ 0.6974 
Female 35-44 1.0191 + 0.3127 
45-54 0.0634 - 0.8012 
55-64 7.3297 + 0.0068 t 
65-74 4.5959 + 010321 * 
75 + 1. 1326 + 0.2872 
Male All 0.0518 + 0.8199 
Female All 11 .6850 + 0.0006 t 
Male & 
Female ,1\ 11 6.0964 + 0.0136 * 
Melanoma Male 35-44 0.5840 + 0.4448 
45-54 0.2601 + 0.6100 
55-64 0.0783 - 0.7797 
65-74 4.4304 + 0.0353 * 
75 + 0.3736 - 0.5411 
Female 35-44 0.1066 + 0.7441 
45-54 0.4702 + 0.4929 
55-64 0.0054 + 0.9415 
65-74 0.5719 - 0.4495 
75 + 0.0001 + 0.9939 
Male All 1.9728+ O. 1602 
Female All 0.0643 + 0.7999 
Male & 
Female A.l1 1. 4337 + 0.2312 
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Table IX (continued) 
MH-X2 Value 
Site Sex Age Association P-Value 
Lymphoma Male 35-44 0.0503 - 0.8226 
45-54 0.0036 - 019522 
55-64 1. 7226 + O. 1894 
65-74 0.1174- 0.7319 
75 + 0.2158 + 0.7228 
Female 35-44 1. 7402 - O. 1871 
45-54 2.1883 + O. 1391 
55-64 0.0366 - 0.8483 
65-74 0.0108 - 0.9172 
75 + 0.0233 - 0.8787 
Male All 0.2651 + 0.6066 
Fema 1 e All 0.0003 + 0.9863 
Male & 
Femal e All 0.1653+ 0.6844 
All High Male 35-44 0.6953 + 0.4044 
Exposure 45-54 0.0847 + 0.7710 
Sites: 55-64 1.0275 + 0.3108 
Stomach 65-74 2.0583 + 0.1514 
Sma 11 75 + 0.0067 - 0.9350 
Intestine 
Colon Female 35-44 7.7542 - 0.0054 t 
Rectum 45-54 3.1176 - 0.0775 
Ga 11 55-64 0.2684 - 0.6044 
Bladder 65-74 0.0071 + 0.9330 
Pancreas 75 + 0.0381 0.8453 
Peri toneum 
Kidney Male Al1 2.6250 + 0.1052 
Female All 3.1092 - 0.0779 
Male & 
Female All 0.0002 + 0.9886 
* Marginally Significant (0.01 P 0.05) 
+ Statistically Significant (P 0.01 ) I 
Table X 
Observed and Expected Cancer Incidence for Combined Sites 
(Stomach, Small Intestine, Colon, Rectum, Peritoneum) 
For Study Group Males and Females for Five 
Different Age Groups 1967-1976 
Age Group Observed* Expected+ SIR ~ 
35-44 11 10 110 
45-54 40 47 85 
55-64 61 64 94 
65-74 78 72 108 
75 + 71 80 89 
All Age Groups 
260* 282:f Combined 92 
* Observed = Total number of cases (stomach, small intestine, 
colon, rectum, peritoneum) 
t Expected = Total number of control cases (stomach, small 
intestine, colon, rectum, peritoneum) _" control 
population x study population 
5 
t Observed for all age = 
control cases total 
for 5 sites (i) 
57 
groups combined i=l control population (i) x study 
population (i) 
= 1 to 5 (for 5 age groups) 
S SIR = Observed x 100 
U EXpected 
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